Several methods are available for specifically identifying and assessing the activity of MB isoenzyme of creatine kinase in serum. We compared two electrophoretic techniques with three column-chromatographic ones for efficacy in the diagnosis of myocardial infarction. No technique was considered absolute, but we found surprisingly large errors of diagnosis in the column-chromatographic techniques, attributable to incomplete elution.
EC 2.7.3.2) isoenzymes. Some are not now practical for general laboratory use, but two, electrophoresis and ion-exchange column chromatography, are in common use.
We compared two electrophoretic techniques, with use of cellulose acetate and agarose as support media, with three chromatographic methods: two commercial kits (Worthington and E-C) and one not yet commercially available (1) . We evaluated them under conditions representative of those used in the usual community hospital laboratory.
Material and Methods

Patient Selection
We studied 40 consecutive patients admitted to the Coronary Care Unit at the V.A. Hospital, San Diego, with an initial diagnosis of myocardial infarction. Blood was sampled 6-12 h after suspected myocardial infarction and total CK activity in the serum was measured without delay.Isoenzymes were identified within 8 h, the samples having been stored at 4#{176}C. The data presented detail a single first-sample assay only and does not record subsequent assays.
Instrumentation
Total CK activity, both for total serum and the column effluents was measured with a Beckman T.R. Enzyme Analyzer at 37 #{176}C, with Beckman "CK Enztrate" reagents, based on the method of Rosalki (2) ; the normal range established in this laboratory was 15-75 U/liter. The Worthington kit contains a lyophilized substrate, which was used in the assay of effluents from Worthington columns in place of the Beckman reagents. Results of both electrophoretic methods were quantitated by using a Beckman R-112F densitometer. MB percentage was determined as for the Helena system.
Reagents and Procedures
Mercer mini-columns. Columns were prepared strictly according to the method of Mercer (1) , and the elution procedure was performed according to Mercer and Varat (3) . Only MM and MB fractions were eluted and assayed on the Beckman TR analyzer.
Percentage of MB isoenzyme was determined by dividing the sum of fractions 6, 7, and 8 by the total activity in fractions 1 through 8. Sera from all 40 patients were studied by the five alternative techniques.
Of the 40 patients, 22 were subsequently diagnosed as having unquestioned myocardial infarction, based =8.7 9.7 =15.3 5.3 =10.0 SD = 6.5 SD = 6.9 SD = 13.0 SD = 6.7 SD = 10.5 on a combination of clinical history, specific changes in the electrocardiogram, and increased activity of other enzyme indicators associated with myocardial damage, such as lactate dehydrogenase and its isoenzymes and asparate aminotransferase. Table i shows the comparative results for this patient group.
The data for the remaining 18 patients are shown in Table 2 . They were found, on further investigation, to there was still diagnostic inaccuracy in that false negabe suffering from various diseases, but myocardial intives were found with this technique. farction was confidently eliminated. The commonest Alternatively, the cut-off could be based on the diagnostic denominator in this group was disturbance non-myocardial infarction population of this study. in acid-base balance induced by pulmonary and diaThis would avoid imposing an arbitrary criterion. The betic abnormalities, upper limit of the normal range (mean plus two stanFollowing the criteria established by Galen and dard deviations) could only be assigned to the Beckman Gambino (4), we considered that a diagnosis of myomethod; in the other methods, the mean of the diseased cardial infarction could be made with reasonable cergroup falls within the "normal" range. If this scheme is tainty when the serum activity of MB isoenzyme exapplied to the Beckman method (giving an upper limit ceeded 3.0% of the total activity. False negatives and of 1.0), it is apparent that three of the false negatives false positives were assigned accordingly. disappear and the fourth comes close enough to the In those patients with myocardial infarction (Table diagnostic criterion that it would warrant further study. 1), the ion-exchange chromatographic method in the The number of false positives increases from 0 to 1.
Worthington seriesgave no falsenegatives on the sera Table 1 indicates that in the sera of two patients (15, examined, whereas both the Mercer and E-C Column 16) tested by Worthington columns, there is an increase techniques gave some false negatives, of MB isoenzyme in excess of that amount calculated In the electrophoretic group, although there were to be present in myocardial muscle and associated with little differences attributable to the two support media, only modest increases in total activity.
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Sara with total activity >500 U/liter were diluted as per instructionsto give sample activities <500 U/liter. Normal value for total CK Is 15-75 U/liter. analysis, it appears that the Worthington and E-C 11 not substantially enough better to warrant its clinical use.
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Because the place of the MB isoenzyme in the diagnosis of myocardial infarction is firmly established, it is now mandatory that a practical, simple, rapid, economical method be established for clinical use. However, this method must have the specificity demanded by the clinical requirements.
The patients in Table 2 did not develop ischemic It is evident from this study that column chromamyocytolysis; however, Worthington columns indicate tography, even in experienced hands, is subject to conthat each of the 18 patients had an increase in MB isosiderable diagnostic error, apparently of two sources: enzymes, ranging from 4.0 to 41.7%, that is diagnostic (a) The difficulty in eluting a defined fraction from for myocardial infarction. The other two column techthe ion-exchange column. niques showed similar marked false positives: Mercer, (b) The dilution of the already low specific MB ac-11/18 (39%), and E-C, 13/18 (22%).
tivity by the volumes of buffer necessary to elute the An intramethodological comparison of the two tables fraction from the columns adds technical difficulties to showed that the values for the MB percentage give the assay. meaningless results for the E-C method-the mean of Mercer's technique compensates for the overlap of the non-myocardial infarction group ishigher than that isoenzymes by collecting several individual fractions for for those with the disorder-while results from the each isoenzyme. Unfortunately, this increases the total Worthington and Mercer methods showed no signifinumber of assays per sample and practically requires cant differences of the means of the two groups of paan automated method of assay. tients.
The dilution effect is an inherent problem in any It is of considerable importance to note that in the column technique.
In both the E-C and the Mercer agarose electrophoresis of patients in Table 2 , the mean protocols, 1 ml of serum is used for analysis, while the percentage of MB isoenzyme was 0.2, confirming similar Worthington protocolcallsfor 0.25 ml. The larger volfindings on normal subjects. umes of serum produce higher enzyme activities in the The most logical reason for the abnormal results given fractions, but these are still very low. Specific MB acin Table 2 for column chromatography was inadequate tivities of less than 5 U/liter are commonly found and separation of the MB and MM bands. We examined these determinations require great accuracy. The E-C method includes a concentration step before assay of the MB fraction. Both Mercer and Worthington suggest use of a concentrated substrate solution for measuring the activity of the MB fraction. For this, an instrument allowing manual control of the substrate/eluate ratio in the analytical mixture is desirable.
At this time, there appears to be one similar comparative study in the literature. Lum and Levy (6) could not find significant differences between results by agarose electrophoresis and Mercer's column chromatography technique. In 25 confirmed myocardial infarctions, and with use of the 3% MB band criterion, chromatography failed to diagnose three of 25 (12%) cases, while agarose electrophoresis failed to diagnose two of 25 (8%). In the column-chromatographic series, the highest activity of the MB band was 17.6% of normal, suggesting little carryover of the MM isoenzyme.
These results are at variance with the present study, which suggests that agarose electrophoresis is the most reliable practical technique for identification of the MB isoenzyme of creatine kinase.
